INTRODUCTION {#sec1-1}
============

The cranial base area of the craniofacial complex has long been of interest to orthodontists and craniofacial anthropologists. Young,\[[@ref1]\] as early as 1916, recognized relationship between cranial base morphology and prognathism of the jaws. After the birth of a child, cranial base angle has a tendency to reduce with age. In their study Moss and Greenberg,\[[@ref2]\] Scott,\[[@ref3]\] Stramrud,\[[@ref4]\] Melson,\[[@ref5]\] Ohtsukhi *et al*.\[[@ref6]\] they have found that the measure of cranial base angle stabilizes between 5 and 7 years and there after any change is hardly noticed in its value. The maxilla appears to be attached to the anterior segment and the mandible to the posterior segment of the cranial base. The consensus of different authors such as Renfroe,\[[@ref7]\] Bjork,\[[@ref8]\] Coben,\[[@ref9]\] Moss,\[[@ref10]\] and Hopkin\[[@ref11]\] proved that the cranial base morphology has considerable influence upon the position of maxilla and mandible, thus determining the skeletal pattern of an individual. The increase in the flexion of the cranial base would increase Class-III tendency, while the reduction in the flexion of the cranial base would increase Class-II tendency. Thus, it should be of great help for an orthodontist to predict the future skeletal pattern of a child from the value of cranial base angle at an early age.

However, it is noticed that most of the workers had collected and grouped their samples according to the skeletal jaw relationship and then had tried to assess and compare the values of cranial base angle of each skeletal group. Very few studies are carried out to assess the skeletal jaw pattern of individuals having different values for their saddle angle.

Thus in view of above facts, a cephalometric study is conducted with following aims and objectives to explore the relationship between the cranial base angle and the maxillofacial morphology.

To estimate the values of different craniofacial skeletal parameters for individuals having varied range of cranial base angleTo compare and correlate the value of cranial base angle with eight angular and seven linear parameters in different groupsTo compare and correlate the value of cranial base angle with eight angular and seven linear parameters for overall dataTo find the difference in the values of all the parameters between groups having varied range of cranial base angle.

MATERIALS AND METHODS {#sec1-2}
=====================

Materials {#sec2-1}
---------

For this study, sample consisting of 108 lateral cephalograms are collected from the records of the patients reported at the Department of Orthodontics, Government Dental College and Hospital, Ahmedabad, on the basis of following criteria:

None of the subjects had undergone orthodontic treatment in the pastThe age range of the subject was between 12 and 16 yearsThere was no facial disharmony whatsoever due to any systemic problem or any major accident in the past affecting the bones of the facial skeleton.

Methods {#sec2-2}
-------

Once the lateral cephalograms are collected, estimation of the values of cranial base angle is done for each case. On the basis of their values, the total sample is divided into three categories:

Group A: NSAr \> 125° (*n* = 33)Group B: NSAr-120°--125° (*n* = 30)Group C: NSAr \< 120° (*n* = 45)

In this study, for the purpose of estimating the degree of flexure of the cranial base angle (NSAr), point "Articulare" rather than "Basion" has been used to represent the posterior extent of the cranial base. It is proved by Bhatia and Leighton\[[@ref12]\] that the growth patterns studied by use of Basion or Articulare, are very similar.

Further cephalometric points \[[Table 1](#T1){ref-type="table"}\] are plotted, lines \[[Table 2](#T2){ref-type="table"}\] and angles \[[Table 3](#T3){ref-type="table"}\] are drawn. Eight angular (SNA, SNB, NPg-FH, ANB, NAPg, SN-GoGn, Y-axis, ArGo-SN) and seven linear (N-S, S-Ar, Ar-N, Ar-Pt A, Ar-Gn, Wits appraisal, N-Pt A) parameters are recorded for carrying out necessary statistical analysis. The above measurements are selected primarily to investigate the role played by the cranial base flexure in influencing the sagittal and vertical position of the jaws.
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Statistical Analysis {#sec2-3}
--------------------

We performed statistical analysis using the Microsoft Office Excel 2007 and IBM SPSS version 22 software. Various angular and linear variables were measured and their mean and standard deviations were calculated in all the three groups as shown in [Table 4](#T4){ref-type="table"}.
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Mean and SD of all parameters in three groups
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All the variables were then individually correlated with NSAr for the whole sample as well as in individual group using Pearson correlation co-efficient test. Unpaired *t*-test was then used to analyze the difference in the means of all the variables between the three groups.

RESULTS {#sec1-3}
=======

[Table 5](#T5){ref-type="table"} shows the frequency of observations for each values of angle NSAr in the total sample and corresponding mean values of angle SNA. The co-efficient correlation value for their comparison reveals a highly significant negative correlation between the two angles (*r* = −0.3667/*P* \< 0.001). When similar comparison is carried out group wise, as shown in [Table 6](#T6){ref-type="table"}, a negative correlation is seen in all the groups, however it is statistically significant for Groups A (*r* = −0.2907/*P* = 0.023) and C (*r* = −0.5590/*P* = 0.001), but not for Group B (*r* = −0.1641/*P* = 0.386). [Table 5](#T5){ref-type="table"} shows co-efficient correlation value for comparison between angles SNB and angle NSAr in the overall data. It shows a highly significant negative correlation between the two angles (*r* = −0.6483/*P* \< 0.001). The cranial base angle seemed to influence the mandible more than the maxilla as revealed by a stronger negative correlation between angle SNB and NSAr than with angle SNA in the overall sample. [Table 6](#T6){ref-type="table"} which is showing comparison between the two angles in individual groups, show a significant negative correlation in Groups A (*r* = −0.3803/*P* = 0.003) and C (*r* = −0.4196/*P* = 0.022) but not in Group B (*r* = −0.1903/*P* = 0.314), which might be due to the small range of angle NSAr for this group. A correlation of greater significance level, between the two angles, is seen in Group A. [Table 6](#T6){ref-type="table"} suggests significant negative correlation between NPg-FH and NSAr in the overall data (*r* = −0.308/*P* = 0.001). However, comparison between the individual groups revealed a nonsignificant negative correlation between the two angles as shown in [Table 6](#T6){ref-type="table"}. From [Table 5](#T5){ref-type="table"}, (correlating angle ANB with angle NSAr), [Table 5](#T5){ref-type="table"} (correlating angle NAPg with angle NSAr) and [Table 5](#T5){ref-type="table"} (correlating Wits appraisal with angle NSAr); each reveals highly significant positive correlation of each of these parameters when compared with angle NSAr for the overall sample (*r* = −0.308/*P* = 0.001), (*r* = 0.5059/*P* \< 0.001), (*r* = 0.5430/*P* \< 0.001). From [Table 6](#T6){ref-type="table"} one can assess the behavior of individual parameters within the different groups when compared to angle NSAr. It shows significant positive correlation between angle NSAr and these three parameters, suggesting sagittal positioning of the jaws in Group B only (*r* = 0.4785/*P* = 0.006), (*r* = 0.3885/*P* = 0.011), (*r* = 0.4574/*P* = 0.002). In this study as shown in [Table 5](#T5){ref-type="table"}, the mandibular plane angle as well as Y-axis angle shows a positive correlation with angle NSAr in the overall sample (*r* = 0.1863/*P* = 0.041), (*r* = 0.2713/*P* = 0.003), however the level of significance of correlation is much higher for Y-axis angle than for GoGn-SN angle. The same relationship when assessed in between the groups, as shown from [Table 6](#T6){ref-type="table"}, no significant correlation is found at any level. However when values of Y-axis angle and GoGn-SN angle were compared for different groups by *t*-test, no differences are found when Group B is compared with Groups A and C, but when compared to Group A, Group C differs significantly for Y-axis only. The anterior cranial base (N-S) shows a negative nonsignificant correlation with angle NSAr in the overall sample as well as when compared in individual group \[Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\]. Similar are the finding for the posterior cranial base (S-Ar) \[Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\]. Furthermore, differences in the values of the above parameters between groups are not significant as per *t*-test \[[Table 7](#T7){ref-type="table"}\]. However as shown from, [Table 5](#T5){ref-type="table"}, the total cranial base length (Ar-N) have significant positive correlation with angle NSAr in the overall sample (*r* = 0.268/*P* = 0.003). Furthermore, [Table 6](#T6){ref-type="table"} shows significant positive correlation between the two parameters in Group A, (*r* = 0.3749/*P* = 0.004). When mean values for length Ar-N is compared by t-test, \[[Table 7](#T7){ref-type="table"}\], significant difference is found between Groups A and C. As shown in [Table 5](#T5){ref-type="table"}, Maxillary length showed a significant positive correlation with cranial base angle in the overall sample (*r* = 0.2853/*P* = 0.002). The maxillary length progressively increases with an increase in the cranial base angle \[[Table 4](#T4){ref-type="table"}\] thus compensating for increase in its value. This increase in the maxillary length was significant between the Groups A and C, \[[Table 7](#T7){ref-type="table"}\]. Now when the maxillary position is evaluated by the method suggested by McNamara (measuring the linear distance of point A, from a perpendicular dropped from nasion to FH plane) and is correlated with NSAr, then no significant correlation is established \[Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\]. Thus changes in NSAr do not affect N-pt A in this study. When mandibular length (Ar-Gn) is correlated with NSAr angle \[Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\], an insignificant negative correlation is seen both in the overall data and in the individual groups. The inclination of the posterior border of the ramus (ArGo-SN) is correlated with angle NSAr \[Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\] where no significant correlation is found.
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Reltionship between NSAr and other parameters in total sample
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Relationship between angle NSAr and various parameters in individual groups
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*t*-test to find significance of difference in the values of all the variables in the three groups
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DISCUSSION {#sec1-4}
==========

In this study, lateral cephalograms of 108 subjects were divided into three categories according to the values of angle NSAr of each subject as studies, which have found the skeletal pattern based on the cranial base angle are few.\[[@ref13][@ref14][@ref15][@ref16]\] This study shows that as the cranial base angle reduces, the maxilla tends to protrude and angle SNA increases \[Tables [4](#T4){ref-type="table"}--[6](#T6){ref-type="table"}\]. This is in agreement with the studies by Hopkin *et al*.,\[[@ref13]\] Varjanne and Koski,\[[@ref14]\] Järvinen,\[[@ref15]\] Moyers,\[[@ref17]\] Enlow,\[[@ref18]\] Profitt and Fields,\[[@ref19]\] Kasai *et al*.\[[@ref16]\] However, from [Table 7](#T7){ref-type="table"}, when differences in the values of angle SNA were compared between Groups A, B and C; significant differences were not seen at any level. This concludes that though a significant negative correlation exists between these two angles, the sagittal position of maxillary apical base as described by point A is not highly affected.

It is clear as the cranial base angle reduces, the mandible tends to protrude, and angle SNB increases \[Tables [4](#T4){ref-type="table"}--[6](#T6){ref-type="table"}\]. Moreover, as the cranial base angle reduces, the chin tends to protrude \[Tables [4](#T4){ref-type="table"}--[6](#T6){ref-type="table"}\]. Further, differences in the values of angle SNB and NPg-FH when compared between the Groups A, B and C \[[Table 7](#T7){ref-type="table"}\], shows that significant differences exist in the measure of these angles between the groups with extreme ranges of the cranial base angle (Groups A and C). It can be concluded that mandibular position is affected to a great extent by the changes in the cranial base angle.

The above correlation suggests a relationship between the magnitude of the cranial base flexure and mandibular position. The smaller the cranial base angle, the more forward the mandibular position which increases the tendency to a Class-III jaw relationship and larger the cranial base angle, the more backward the position of the mandible, which increases the tendency to a Class-II jaw relationship. Also in contrast to maxilla, the mandible is affected more by changes in the cranial base angle. The above findings are in agreement with those of Kasai *et al*.\[[@ref16]\] and Bjork,\[[@ref20]\] who demonstrated the relationship between the cranial base angle and mandibular position and Baccetti *et al*.,\[[@ref21]\] who showed that the temporomandibular joint position was more posterior in skeletal Class-II than skeletal Class-III.

In order to assess the influence of saddle angle on maxillo-mandibular relationship, three parameters were studied, the ANB angle, Wits appraisal and angle of convexity (N-A-Pg). The observed correlation between the cranial base angle and the above parameters suggest that the opening of the cranial base flexure can result in a skeletal Class-II jaw relation and the closing of the cranial base flexure can result in a skeletal Class-III jaw relation. In this study the mean values of angle ANB, wits and angle N-A-Pg in the three groups support the above contention \[[Table 4](#T4){ref-type="table"}\]. When the values of ANB angle, wits, NAPg angle were compared in individual groups using the t-test, significant differences were seen between Groups A and C. The above findings support the work of Kerr and Hirst\[[@ref22]\] who suggested that the cranial base angle at 5 years of age determines the fundamental jaw relationship and is an accurate predictor of ultimate facial type at 15 years of age. Anderson and Popovich\[[@ref23]\] found more Class-II occlusions in large cranial base angle subjects. Kerr and Adams\[[@ref24]\] concluded that the size and shape of the cranial base influences mandibular position by determining the anterioposterior position of the condyles relative to the facial profile. Enlow,\[[@ref18]\] Harris *et al*.,\[[@ref25]\] Bacon *et al*.\[[@ref26]\] have reported that the cranial base angle to be larger in Class-II subjects. However, according to Varrela,\[[@ref27]\] early characteristics of a sample of Class-II occlusion patients found no cranial base etiology in the Class-II group. Kerr *et al*.\[[@ref28]\] compared the cranial base in Class-I and Class-II skeletal patterns and found no significant differences between the skeletal classes for any of the cranial base measurements.

In this study subjects with most closed cranial base angle had a skeletal Class-III jaw relationship \[[Table 4](#T4){ref-type="table"}\]. This supports the findings of Enlow\[[@ref18]\] but contradicts the findings of Anderson and Popovich\[[@ref23]\] According to Anderson and Popovich\[[@ref23]\] Class-III occlusion in subjects do not have the most closed cranial base angles.

To study the influence of cranial base angle on the rotation of the mandible, angle NSAr was correlated with Y-axis and mandibular plane angle (SN-GoGn). Correlation suggest that increase in the cranial base flexure can cause a clockwise rotation of the mandible \[Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\]. The above findings are in agreement with those of Klocke *et al*.\[[@ref29]\]

In this study, it is found that changes in the cranial base angle are independent of anterior as well as posterior cranial base length \[Tables [5](#T5){ref-type="table"}--[7](#T7){ref-type="table"}\]. However, increase in the cranial base angle has high association with increase in the overall cranial base length and this tendency is greater near the upper extremities of cranial base angle \[Tables [5](#T5){ref-type="table"}--[7](#T7){ref-type="table"}\]. Weidenreich\[[@ref30]\] stated that the deflection of the cranial base shortened the nasion-basion line (overall cranial base), this correlates well with the present study in which the total cranial base length decreased significantly with a decrease in the cranial base angle \[Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\].

An interesting association is seen between the cranial base angle and maxillary length. The maxillary length progressively increases with an increase in the cranial base angle \[[Table 4](#T4){ref-type="table"}\], thus compensating for increase in its value. This increase in the maxillary length was significant between the Groups A and C \[[Table 7](#T7){ref-type="table"}\]. Now when the maxillary position is evaluated by the method suggested by McNamara (measuring the linear distance of point A, from a perpendicular dropped from nasion to FH plane) and is correlated with NSAr, then no significant correlation is established \[[Table 7](#T7){ref-type="table"}\]. Thus changes in NSAr do not affect N-pt A in this study.

When mandibular length (Ar-Gn) was correlated with NSAr angle \[Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\], an insignificant negative correlation is seen both in the overall data and in the individual groups. This suggest that the increase in the value of saddle angle, which has the tendency to cause retrusion of mandible is not being compensated by the mandibular length and this is the cause that the values of angle SNB and angle NPg-FH is influenced to a greater extent as compared to the values of angle SNA and N-PtA.

No significant correlation was found between inclination of the posterior border of the ramus (ArGo-SN) and NSAr, \[[Table 5](#T5){ref-type="table"}\]. This suggests that with increase in cranial base angle, which tends to position the head of the condyle more posteriorly, there is no compensation from the slope of the ascending ramus to bring the angle of mandible, or body, or chin forward.

CONCLUSION {#sec1-5}
==========

It has been known for a long time that the cranial base angle influences the craniofacial morphology. Based on this study, following conclusions are drawn:

The cranial base has definite influence on the maxilla. As the cranial base angle reduces, the maxilla tends to protrude and angle SNA increases.The mandibular position is influenced to a greater extent by the cranial base angle than maxillary position. Cranial base angle has a determinant role in influencing the mandibular position.The flattening of the cranial base angle causes a clockwise rotation of the mandible.The jaw relation tends to change from Class-III to Class-II, with progressive flattening of the cranial base and vice-versa.
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